Luteinizing hormone (Lh) and follicle-stimulating hormone (Fsh) control many aspects of gonadal development and function in teleosts. In the present paper, the specific antisera against ricefield eel Lhb (Lh beta subunit), Fshb (Fsh beta subunit), and Cga (the common pituitary glycoprotein hormone alpha subunit) were generated, and the cellular localization, initial appearance, and subsequent development of gonadotrophs in relation to early ovarian differentiation and development in the ricefield eel, a protogynous sex-changing teleost, were examined with immunochemistry. Lhb-and Fshb-immunoreactive signals were identified in distinct pituitary cells that occupied primarily the peripheral regions of the adenohypophysis. During ontogeny, Lhb-immunoreactive signals were first detected in the pituitary around 40 days after hatching (dah) when the oogonia transitioned into early primary growth oocytes, and the intensity of immunoreactivity increased concomitantly with the growth of primary oocytes from 60 to 140 dah. During overwintering from 170 to 230 dah, Lhb-immunoreactive signals were significantly decreased when a large proportion of perinucleolus oocytes contained intense Balbiani bodies. In contrast, Fshb-immunoreactive signals were not detectable in the pituitary until around 230 dah (in the spring after hatching) and slightly increased from 285 dah when the late perinucleolus oocytes began to enter the secondary growth phase. Both Lhb-and Fshb-immunoreactive cells were increased when the early cortical alveoli oocytes emerged at 300 dah. The mRNA expression of lhb and fshb coincided with their immunoreactive signals. Taken together, these results suggest that only Lh is involved in primary oocyte growth in ricefield eels, but both Fsh and Lh are important for the secondary ooctye growth.
INTRODUCTION
Pituitary gonadotropins (Gths), namely, luteinizing hormone (Lh) and follicle-stimulating hormone (Fsh), directly control many aspects of gonadal development and function, including gametogenesis and steroidogensis across vertebrates [1] [2] [3] .
Studies from the salmonids suggest that Fsh in teleosts may be primarily involved in the control of gonadal growth whereas Lh is responsible for the later events of gonadal development such as ovulation and spermiation in this species [4] [5] [6] . However, the roles of Gths in nonsalmonid species remain largely unknown. Given the diverse reproductive strategies employed by the teleosts, studies on nonsalmonid species are needed to shed light on the function of these two Gths.
In addition to the regulation of reproductive cycles in adult fish, Gths have been implicated in the early gonadal differentiation and development [7] [8] [9] . The earlier appearance of Fsh cells compared to Lh cells in most teleosts examined [8, [10] [11] [12] [13] [14] [15] [16] suggests a greater importance of Fsh in sex differentiation and early stages of gonadal development. However, in one teleost, the pejerrey (Odontesthes bonariensis), Lh cells appears 1-2 wk earlier than Fsh cells during ontogeny [17] , suggesting that the respective roles of Lh and Fsh in early gonadal differentiation and development may be speciesspecific.
The ricefield eel (Monopterus albus), a member of the order Synbranchiformes, is a protogynous hermaphroditic fish that changes sex from a functional female to a male [18, 19] . It has been shown that gonadotropin signaling may be involved in sex change of the protogynous honeycomb grouper [20] and Gobiid fish [21] . A study based solely on cytology suggests that there may be two distinct gonadotropic cell types in the ricefield eel anterior pituitary [22] . A recent report has shown considerable colocalization of Fsh and Lh in the pituitary of the ricefield eel using heterologous antisera raised against synthetic fragments corresponding to conserved regions of the mummichog Lh and Fsh beta subunits [23] . Our laboratory has recently cloned lhb (Lh beta subunit), fshb (Fsh beta subunit), and cga (common pituitary glycoprotein hormone alpha subunit) cDNAs from the pituitary of the ricefield eel and analyzed their mRNA expression (L. Zhang and W. Zhang, unpublished results). In the present study, we generate specific antisera against the recombinant ricefield eel Lhb, Fshb, and Cga and use the antisera for the first time to investigate the ontogeny of Lh-and Fsh-producing cells in the pituitary in order to understand the functional role assumed by each gonadotropin in the early gonadal development of ricefield eel.
MATERIALS AND METHODS

The Experimental Fish and Sampling Procedure for Immunohistochemistry
The newly hatched ricefield eel fries were obtained from Dazhong Breeding Co. Ltd., Jianyang, Sichuan, China, and raised in our laboratory under natural photoperiods and temperature. Animals were fed Chironomus larvae. Samples were taken at 5, 14, 20, 30, 40, 50, 60, 140, 170, 230, 285, and 300 days after hatching (dah). For fish less than 60 dah, the whole body was first fixed in Bouin solution before dissecting the head from the trunk. For older developmental stages, the gonad and the pituitary were dissected separately and fixed in Bouin solution. All the tissues were fixed for 24 h and stored in 70% ethanol until histological processing. All the procedures and investigations were reviewed and approved by the Animal Research and Ethics Committees of Sun Yat-Sen University and were performed in accordance with the guidelines of the committee.
General Histological Procedure
The fixed whole body of the ricefield eel (,60 dah) was decalcified before histological processing. For immunocytochemistry (IHC) of gonadotropin subunits, pituitaries were sectioned sagittally into 5 lm thick sections except where specifically designated otherwise. For histological analysis of the ovarian status, ovaries were sectioned coronally at 5 lm (for early developmental stages) or 10 lm (for the mature ovary) sections and stained with hematoxylin and eosin (HE).
Production of Recombinant Proteins and the Polyclonal Antibodies
The full-length coding sequences of Cga (JN381163), Fshb (JN381164), and Lhb (EU840258) mature proteins of the ricefield eel were amplified using the primers listed in Table 1 , subcloned into expression vector pET32a (Cga or Fshb) or pET15b (Lhb), and expressed in the host Escherichia coli BL21 (DE3) by isopropyl b-D-1-thiogalactopyranoside (IPTG) induction. Cga and Fshb were expressed as thioredoxin (TRX) fusion proteins, whereas Lhb was expressed without the fusion tag by direct insertion into the Nco I site of pET15b. The recombinant proteins Cga-TRX and Lhb were gel purified from the inclusion bodies and used to immunize rabbits [24] . The recombinant Fshb-TRX was expressed mainly as a soluble form, purified first by His-binding Kit (Novagen) and then by SDS-PAGE, and used to immunize rabbits [24] and BALB/c mice. To immunize mice, the purified Fshb-TRX was mixed with an equal volume of Freund adjuvant (Sigma) and injected subcutaneously at 7-day intervals. The mouse antiserum was collected on the seventh day after the fourth immunization, which was employed in the double IHC experiments in the present study.
To examine the cross-reactivities of the antibodies generated in the present study, the fusion proteins Fshb-GST and Cga-GST were also obtained from BL21 (DE3) by using the expression vector pGEX-4T-1. As negative controls, recombinant ricefield eel growth hormone (Gh), prolactin (Prl), and thyroidstimulating hormone beta subunit (Tshb) were produced without fusion tag in BL21 (DE3) using the expression vector pET15b. The primers used in the construction of the expression vectors are listed in Table 1 .
Western Blot Analysis
The recombinant proteins or tissue extracts were separated on 16% SDS-PAGE and transferred onto Immobilon-PSQ membranes (Millipore) prewetted sequentially with methanol, water, and transfer buffer (Takara Bio Inc.). The membrane was then blocked with 5% nonfat milk powder in TBS (100 mM NaCl, 100 mM Tris-HCl, pH7.5) at 48C overnight. The primary antiserum was preadsorbed overnight at 48C with extracts of BL21 (DE3) bacteria transformed with the empty vectors (pET32a or pET15b) after IPTG induction and ricefield eel liver. The blocked membranes were incubated with a preadsorbed primary antiserum (Cga, Lhb, or Fshb polyclonal antisera raised in rabbits) at a dilution of 1:1000 in blocking solution (TBS containing 5.0% nonfat milk and 0.05% Tween 20) at room temperature for 1 h, washed three times with PBS for 5 min, and incubated with horseradish peroxidase (HRP)-conjugated goat anti-rabbit immunoglobulin G (IgG) for 1 h at room temperature. After three 5-min final washes with PBS, the membrane was exposed to a chemiluminescence substrate (ECL; Applygen Technologies Inc.) according to the manufacturer's instructions.
Single IHC
The deparaffinized sections were incubated for 30 min in 3% hydrogen peroxide to quench the endogenous peroxidase activity followed by incubation with NGS-PBS (PBS containing 10% normal goat serum) for 30 min. The sections were washed in PBS and incubated at room temperature for 1 h with 1:1000 dilution of the primary antisera raised in rabbits. After rinsing with PBS, the sections were incubated with secondary antibody, HRP-conjugated goat anti-rabbit IgG (Jackson ImmunoResearch Laboratories Inc.). After rinsing with PBS, the sections were developed with 3,3 0 -diaminobenzidine (DAB) (Vector Laboratories), mounted, examined with a microscope, and digitally photographed (E800; Nikon). To confirm the specificity of the immunostaining, control sections were incubated with the primary antisera preadsorbed with an excess of its respective antigen. Additional negative controls included the replacement of primary antisera with PBS or preimmune serum and the omission of secondary antibody.
Serial pituitary sections from at least three individuals of similar developmental stages were examined for Lhb-or Fshb-immunoreactive signals during ontogeny. Pituitary sections from an adult fish sampled at the breeding season were included as positive controls each time.
To examine the possibility that the Lhb-immunoreactive cells contained Cga signals during early development, pituitary glands were sectioned sagittally into 3 lm thick sections, and the adjacent sections were immunostained for Lhb and Cga and visualized by fluorescence. Lhb immunostaining was performed essentially the same as above except that fluorescein isothiocyanate (FITC)-conjugated goat anti-rabbit IgG (heavy þ light [HþL]) (1:100; Jackson ImmunoResearch Laboratories Inc.) was used as the secondary antibody. Following sequential incubation with the primary antiserum and second antibody, the sections were washed three times with PBS for 10 min and then counterstained with 5 lg/ml 2-[4-amidinopheny]-6-indolecarbamidine (DAPI) (Beyotime), a nuclear counterstain, for 20 min at room temperature. After rinsing with PBS for 10 min, the sections were coverslipped using an anti-fade fluorescent mounting medium (Beyotime) and stored in the dark at 48C. The immunofluorescence staining for Cga was also performed similarly. The sections were incubated sequentially in rabbit-antiCga serum (1:500) and then Cy3-conjugated goat anti-rabbit IgG (HþL) (1:500, Beyotime) and processed as described above. The sections were examined with a microscope and digitally photographed (DM5000B; Leica). The immunofluorescence images for Lhb and Cga on adjacent sections were overlaid using layering tools in Adobe Photoshop CS8.0.
Double IHC
The deparaffinized sections were blocked in 0.1 M PBS containing 10% normal goat and mouse sera for 30 min at room temperature and then incubated in a mixture of two primary antisera (mouse anti-Fshb, 1:200, and rabbit anti- WU ET AL.
Lhb, 1:1000) for 1 h at room temperature. After rinsing with PBS for 10 min, the sections were exposed to the secondary antibody, a mixture of Cy3-labeled goat anti-mouse IgG (HþL) (1:500; Beyotime) and FITC-conjugated goat antirabbit IgG (HþL) (1:100; Jackson ImmunoResearch Laboratories Inc.) for 1 h. After washing three times in PBS for 10 min, the sections were counterstained with 5 lg/ml DAPI and processed as above.
RT-PCR Analysis
The pituitary gland, either situated in the head for fish at 30 and 40 dah or dissected out for fish at 110 dah and older, was first treated with 5-10 volumes of Sample Protector (Takara Bio Inc.) at 48C overnight, and then the pituitary gland was dissected out under a stereoscopic microscope (Jiangnan Optical Instrument Factory). An individual pituitary gland was treated as a separate sample for fish at 110 dah and older, but three and two pituitary glands were pooled together as samples for fish at 30 dah and 40 dah, respectively. The total RNA was extracted by a RNAqueous-Micro Kit (Ambion, Inc.), and all the RNA obtained from each sample was first treated with RNase-free amplification-grade DNase I (Invitrogen) to remove any genomic DNA contamination and then reverse transcribed using oligo (dT) primers and a RevertAid H Minus First Strand cDNA Synthesis Kit (Fermentas UAB) following the manufacturer's instructions. The integrity of all the RNA samples was verified by the successful amplification of actb (AY647143).
The first-strand reaction (1 ll) was amplified with primers Lh-F and Lh-R for lhb, Fsh-F and Fsh-R for fhb, and Actb-F and Actb-R for actb, which generated PCR products of 162 bp, 159 bp, and 151 bp, respectively. PCR was performed in a final volume of 20 ll containing 2 ll 103 Taq buffer with (NH 4 ) 2 SO 4 , 2 mM MgCl 2 , 0.2 mM dNTP, 0.5 lM of each primer, and 0.5 U recombinant Taq DNA polymerase (Fermentas UAB). Water was used as a negative control in the RT-PCR reaction. The PCR reaction mixture was heated at 958C for 3 min, followed by 35 cycles of amplification for cga, lhb, and fshb, and 28 cycles for actb. The cycling conditions were 948C for 30 sec, 588C for 30 sec, and 728C for 30 sec, with a final extension at 728C for 10 min. The PCR products were separated on a 2% agarose gel and visualized by ethidium bromide staining. The RT-PCR analysis was repeated on two or three different samples for each time point examined, and similar results were obtained.
Evaluation of Gonadotroph Abundance During Ontogeny
Gonadotroph (singular) abundance in the pituitary of the ricefield eel was determined using a method previously reported [15] . Briefly, the number of Lhb-and Fshb-immunoreactive cells (with evident nuclei) in the pituitary was counted in three single-immunostained midsagittal sections for each individual, and the densities were calculated by dividing by the pituitary area. Values from the three sections derived from a single animal were averaged to represent a single data point. A total of three animals were examined for each developmental stage.
RESULTS
Generation of Specific Antisera Against Lhb, Fshb, and Cga
The rabbit antisera against Cga, Lhb, and Fshb of the ricefield eel were tested by Western blot analysis for crossreactivities with other recombinant pituitary proteins (Lhb, Fshb-GST, Cga-GST, Gh, Prl, and Tshb). No cross-reactivity was observed for any of the antisera (Fig. 1, A-C) . The larger band observed with anti-Lhb antiserum (Fig. 1B) is most likely due to the partial dimerization of recombinant Lhb.
To further confirm the specificities of the antisera generated, Western blot analysis was performed on tissue extracts from the pituitary, gonad (a mixture of ovary and testis), brain, liver, and kidney. Specific bands were detected only in the pituitary extracts and not in the other tissue extracts (Fig. 2) . Anti-Lhb and anti-Fshb antisera revealed single bands of approximately 20 and 22 kDa, respectively (Fig. 2, B and C) , whereas anti-Cga antiserum revealed two bands of approximately 14 and 17 kDa (Fig. 2A) . The mouse antiserum against Fshb was also tested, and a similar specificity to that of rabbit antiserum against Fshb was observed (data not shown). The two bands detected with antiCga antiserum most likely represented two different forms of Cga proteins in the pituitary of ricefield eel.
Lhb-and Fshb-Immunoreactive Signals Were Localized to Different Cells in the Pituitary
The pituitary gland of the ricefield eel consists of two major parts, the neurohypophysis (not stained by DAPI) and the adenohypophysis (stained by DAPI), with the former enclosed by the latter (Fig. 3A) . Fshb (Fig. 3B) and Lhb (Fig. 3C ) signals were both found in the peripheral region of the adenohypophysis without apparent zonation. When images of 
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Fshb and Lhb staining on the same section were merged, the combined image clearly illustrated that Fshb and Lhb are produced in distinct cells of the adenohypophysis without overlap (Fig. 3, D and F) . Similar results were also observed in the male fish (data no shown).
Lhb but Not Fshb Signals Were Detected in the Pituitary from the Early Stage of Primary Oocyte Growth
The earliest Lhb-immunoreactive signal was detected on 40 dah (Fig. 4, 3b) before the appearance of Fshb-immunoreactive (Fig. 4, 3a) . Only a few Lhb-immunoreactive cells were found in the pituitary (Fig. 4, 3b) on 40 dah. This was also the period when a few chromatin nucleolar-stage oocytes (20-50 lm) emerged in the ovary (Fig. 4, 3c) . The chromatin nucleolar-stage oocytes were slightly larger than oogonia (10-20 lm) and had several conspicuous nucleoli. At 60 dah, Lhb-immunoreactive cells (Fig. 4, 4b ) and chromatin nucleolar-stage oocytes (Fig. 4, 4c) had increased in size for the latter (30-100 lm) and number for both.
At 140 dah, abundant Lhb-immunoreactive cells were present in the pituitary (Fig. 4, 5b; Fig. 6 ). At this stage, the ovary contained early perinucleolar-stage oocytes (diameters 50-100 lm) with many small nucleoli arranged on the inner side of the nuclear membrane (Fig. 4, 5c ). The cytoplasm of the oocytes increased greatly in volume and stained deeply with hematoxylin, and a conspicuous single yolk nucleolus appeared (Fig. 4, 5c,) . At 170 dah (November), the beginning of the winter, Lhb-immunoreactive cells decreased in number (Fig. 4,  6b) . At this stage, the ovary contained late perinucleolar-stage oocytes with the presence of very strong basophilic clusters of ooplasm, or Balbiani bodies (Fig. 4, 6c) , and Fshb-immunoreactive signals remained undetectable (Fig. 4, 6a) .
Similarly, a faint PCR band for lhb mRNA was detected on 40 dah, and the intensity seemed to be increased on 110 dah (Fig. 5) . However, fshb mRNA was not detected at these stages (Fig. 5) .
Both Lh and Fsh Signals Increased at the Onset of Secondary Oocyte Growth
At 230 dah (January of the ensuing year), a few Fshbimmunoreactive cells were detected for the first time in the pituitary (Fig. 4, 7a) , and Lhb signals remained at a level similar to that found at 170 dah (Fig. 4, 7b) . The ovary contained almost all late perinucleolar-stage oocytes with the presence of intense Balbiani bodies (Fig. 4, 7c) . At 285 dah (March of the ensuing year), Fshb-immunoreactive cells in the pituitary slightly increased (Fig. 4, 8a; Fig. 6 ), but fewer Lhb signals were observed compared to 230 dah (Fig. 4, 8b) . The ovary contained late perinucleolar-stage oocytes, but most of the Balbiani bodies disappeared.
At 300 dah (April of the ensuing year), both Lhb-and Fshbimmunoreactive signals in the pituitary were increased (Fig. 4,  9a and 9b; Fig. 6 ), and the ovary contained early cortical alveoli-stage oocytes (ECO) whose cytoplasm lost its affinity for hematoxylin. The size of oocytes in the ovary was increased (100-280-lm diameter). The somatic cells in the primary growth follicles had, for the first time, differentiated into distinct granulosa and theca layers (Fig. 4, 9c) . In agreement with the above IHC results, a very faint PCR band for fshb mRNA was first detected on 220 dah, and the intensities seemed to be increased from 250 to 300 dah (Fig. 5) ; lhb mRNA was also detected at all these stages (Fig. 5) .
DISCUSSION
The histological organization of the ricefield eel pituitary gland is unique in that the neurohypophysis forms a central core surrounded by the more superficial adenohypophysis. In the adenohypophysis, the acidophilic cells are deeply located and border the neurohypophysis, whereas the basophilic cells, including the two putative gonadotrope subtypes, occupy the outer periphery [22] . To further characterize gonadotropes in ricefield eel, specific antisera against ricefield eel Lhb, Fshb, and Cga were generated in the present study. Our IHC results confirmed the earlier observations on the cytoarchitectural organization of the pituitary [22] . Furthermore, they showed that Lhb-and Fshb-immunoreactive cells have nonoverlapping distributions and occupied the peripheral regions of adenohypophysis. We also performed parallel periodic acid Schiff staining (presumably staining Tsh, Lh, and Fsh cells) and observed positive signals in the peripheral region (data no shown), further confirming our IHC results.
In mammals, it was demonstrated that LH and FSH are mainly expressed by the same gonadotroph [25] [26] [27] . In contrast, the synthesis of Lh and Fsh in different cellular types was reported in many teleost species, including the salmonids [28, 29] , Atlantic croaker [30] , platyfish [12] , bluefin tuna [31] , pejerrey [17] , mummichog [32, 33] , Atlantic halibut [34] , European eel [35] , zebrafish [36] , grouper [37] , cichlid fish [14] , tilapia [38] , and flounder, searobin, and wrasse [23] . Partial colocalization of Lh and Fsh in the same cells was reported in only a few teleost species, such as the Mediterranean yellowtail [39] and swamp eel (ricefield eel) [23] . In the latter study, heterologous antisera against Lhb and Fshb were employed [23] , and the detection of specific gonadotrope subpopulations may be confounded by the use of the heterologous antisera. Indeed, our present study using specific antisera generated against homologous proteins did not detect colocalization of Lhb and Fshb signals in the pituitary of the ricefield eels. The antisera raised in our present study have been vigorously validated and shown to be highly specific. In line with our present observations, an earlier study using standard histochemical techniques also suggested the presence of two distinct putative gonadotroph subpopulations in the pituitary of the ricefield eel [22] .
The ontogeny of Lh and Fsh cells in the pituitary has been examined in several teleosts. The earlier appearance of Fsh than Lh cells in the pituitary was demonstrated by IHC or realtime PCR in the majority of teleosts examined thus far [7, 8, 10, [12] [13] [14] [15] 29] . A notable exception was in the pejerrey, where Lh cells appeared 1-2 wk earlier than Fsh cells after hatching. Despite this, both cell types were present in the pejerrey well before gonadal differentiation [17] . Another exception was the ricefield eel shown in the present study. In this species, Lh cells appeared in the pituitary around 40 dah, but Fsh cells were detected more than 6 mo later, around 230 dah, at the start of the spring in the ensuing year when the oocytes were already at late perinucleolus stages. Similarly, lhb mRNA was detected in the pituitary around 40 dah, whereas fshb mRNA was detected at a much later stage, around 220 dah. These results suggest the existence of species variations regarding the roles of Lh and Fsh in early gonadal differentiation and development.
To further clarify the physiological relevance of Lh and Fsh during early development of ricefield eels, we correlated gonadal histology with immunoreactive Lhb and Fshb signals at different time points after hatching. Although neither Lhb- WU ET AL.
nor Fshb-immunoreactive signals were detected in the pituitaries at 30 dah, the gonads had already differentiated into ovaries containing ovarian cavities (Fig. 4, 2c) and putative oogonia occurred at this stage, suggesting that the initial ovarian differentiation may be independent of pituitary gonadotropins in the ricefield eel.
The growth of primary oocyte in teleosts is widely regarded as a pituitary-independent event [2] . However, our present study showed that the immunoreactive Lhb cells in the pituitary were significantly increased from 40 to 140 dah (Fig. 6) , during which time the chromatin nucleolar-stage oocytes in the ovary had increased in number and advanced to perinucleolar-stage oocytes. Furthermore, immunofluorescence staining on adjacent sections showed possible colocalization of Lhb and Cga signals in the same pituitary cells (Fig. 7) , suggesting functional heterodimeric Lh may have been present during early stages of ovarian development. These results suggest that, although commonly regarded as a Lh-independent event, the growth of primary oocyte in the ricefield eel may still involve Lh in some respect. Additional studies on serum Lh levels and the expression of ovarian Lh receptor at these early stages are needed to support this notion.
In teleosts, perinucleolar-stage oocytes usually remain in meiotic arrest in the diplotene stage of meiotic prophase I [2] . However, there are massive structural and functional changes in their cytoplasm that leads to the maturation of oocytes [2] . The results of the present study showed that Fshb immunoreactive signals in the pituitary were first detected around 230 dah and increased from 285 to 300 dah when the late perinucleolar-stage oocytes began the transition into secondary growth oocytes in the ensuing spring. A similar pattern of fshb mRNA expression in the pituitary at these stages was also revealed by RT-PCR analysis. These results suggest that Fsh may play an important role in driving the transition from primary to secondary follicular growth, an important step leading to the maturation of oocytes, in the ricefield eel. This is consistent with the view that Fsh is key to the onset of first puberty and vitellogenesis in the salmonids [6, 29, 40, 41] . At 300 dah, Lhb-immunoreactive cells also appeared to increase, suggesting a possible role of Lh in the transition from primary to secondary growth oocytes.
We noted that during overwintering from 170 to 230 dah, Lhb-immunoreactive signals in the pituitary had decreased. This was accompanied by the appearance of intense Balbiani bodies in the perinucleolar-stage oocytes. However, most of the 
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Balbiani bodies disappeared at 285 dah when Fshb-immunoreactive signals in the pituitary had slightly increased. Balbiani bodies are basophilic masses containing ribosomes or ribonucleoprotein-like granules and may play a role in determining the vegetal pole of the oocyte [42, 43] . Whether pituitary gonadotropins are involved in the formation and/or disintegration of Balbiani bodies in the perinucleolar-stage oocytes of ricefield eels remains to be determined.
In summary, the present study showed that in the ricefield eel, Lhb and Fshb possessed ontogentically distinct patterns of appearance and are expressed by different cell types in the pituitary. Neither Lh nor Fsh in the pituitary appeared to be involved in the initial ovarian differentiation, but Lh may be involved in the primary and secondary oocyte growth whereas Fsh appeared to be involved only in secondary oocyte growth. However, the physiological roles of Lh and Fsh, particularly the relevance of the earlier appearance of Lh than of Fsh, remain to be clarified.
